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Information Fidelity Incorporated
ias Vegas, Nevada

Attention: Mr. Herbert liller

Subject : Expanded AR Research Program, Including Technical
Supervision and Operation of Government-~Owned
INS AR Model Range Facllities

Gentlomen: A

This will confirm Headquarters discussions held on September 5
and 6, 1961, and constitute authority for you to proceed on an
expanded AR Research Program, in general conformance with your AR
Research Program proposal dated August 11, 1961, utilizing for this
purpose the facilities of a Government-owned AR Model Range to be
established in Indian Springse Thils expanded work scops includes
technical supervision during establishment of and installation of
eouipment in the AR Nodel Range facility at ING, as well as sub-
sequent maintenance and operation thereof through June 30, 1962

An amendment will be forthcoming to Contract No. CC-28441
covering this expanded effort and increasing the estimated contract
cost for the perlod ending June 30, 1962, by an amount of 168,324.00,
and increasing the fixed fee Ly an amount of $9,451,00, This fee
inereaes is predicated upon your having in your employ and beneficially
utilized for operation of the AR i‘odel Range, the following level of
personnel effort through June 30, 1962

a. 22 man-months supervisory and/or electronic maintenance
enginoers,

b. 24 man-months electronic and/or electro-mechanical technie-
cians. ' :

The above ostimated cost of $168,324,00 breaks down as follows:

1. Direct operating costs AR Yodel kange ST 145,00 - ’/4”‘
(including six man-months of a theoretical circvitry
engineer, $7,000,00, and equipment refineient costs
astimated at $15,000.00)
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2« Bquipment fabrication costs f‘;BLtlbr.OO0.00.
3. PEauipment procurement 339,180.00,.
l@o Hodel stand $10.000.00. '

1IN site rehabilitation and construction costs, estimated at v?z OO0.00. ~
will be ﬁmdod outside the present contract. ! -

)
As per our discussicns, a monthly report covering all work
accomplished shall hencefor@h te subtmitted in duplicate to leadquarters. i

The forthcoming amendment covering this expanded scope of work

| will contain a :ust of Government~furnished equipment with provision,

‘ however, that such equipment may be procured under this contract upon
determined unavallability thereof direct from Government sources.
Likewlse, authorization is herety given for your procurement of necessary
Alfred equipment not to exceed $12,000,00, such equipment having been
determined as unavailable from Government sources,.

There is hereby obligated to Contract No. CC-284/41 an additional
$150,000,00, the balance remaining subject to availability of funds
for this purpose,

Very truly yours,

Contracting Officer
/7:) e L {\T" J
\Zo/ atbol, /= Q%é,g%
25X1 /D
Jlres,

| g SFp 1961
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< AR RESEARCH PROGRAM
August 11, 1961

The application of AR techniques to the present 0 configura-
tion has been based upon both logical and intultive deductions
from an intensive measurement program. That there have been slg-
nificant advances in the past six months (and particularly 1n the
pest four months}, leading to important simplifications in fabri.
cotion and sipgnificant weight.saving, can probably be attributed
almost equally to both types of deductions drawing heavily on our
goientlfio troining rather than to a precise knowledge of the de-
tails of the electromagnetic and material behavior phenomeno
involved. In view of the urgency of the program and the imminence
of deadline dates when the I.F.I. group embarked upon full-time

articipation, such a course was necessary even though time con-
suming, due to the fact that we have been forced, at times, to
proceed by trial and error rather then upon the solld base of
knowledge derived from more fundamental experiments.

Generally speaking, our experimental program will be directed
oward the objective of providing significantly more effective AR
easures and techniques for follow-on items (i.e., #6 ond for later

“1tems) of the 0 project and adaptable by retroflt to eurlier items.
It will have as a parallel objective, providing basic knowledge
in the AR fileld for application, as appropriate, to the 0 projlect,
5 well as other vehicles. Thus, the program will encompass a
areful study of (1) the backscatter and diffraction fields from
objects at various aspects and polarizations of the incident fleld;
and (2) the electrical, magnetic, ond shape characteristics of the
AR measures and techniques most effective in influencing these
fields so as to reduce radar cross-sections of the objects belng

bserved. :

W\ An airplane consists, basically, of an assemblage of cylinders,
cones, truncated cones and flat plates. Thus, we plan to begin
with experiments in which the flelds are essentlally parallel and
perpendicular to the principle axes of such simple shapes and ob-
tain data which will, among other results, permit mathematlcal
analyses to be performedl, Such experimental results and analyses
will contribute importantly to the development of a sound base of
knowledge of wave behavior and fleld characteristics from which it
will be possible to proceed, again, by carefully designed and
executed experiments, to the determination of the most effective
AR measures and techniques applicable to simple and progressively
more complex shapes.

1For example, see King and Wu, "The Scattering of Waves", Harvard
University Press, 1959; Kerr, "The Propagation of Short Radlo
Waves®; Vol. 13, M.I.T. Radlaotion Laboratory Serles, HcGraw-Hill,

25X1 1951.
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While it should be understood that it is not possible to
define completely in advance the precise progression of the
course of the experiments planned, as new data derived from the
experiments to be performed and the analysis thereof may dloctate
exploration along unforeseen lines, the orientation of the
plammed research program to meet the parallel objlectives noted
above will be evident from the discussion which followuy relative
to the principal specific research areas which will be covered.

A, CHINES, SURPACE AND VOLUME TREATMENT

In the 0 configuration, plastic-skimmed chines have been added
o the substantially cylindrical, truncated conical and conical
ectlons to enhance the AR capability. Until relatively.recently,
the chine embodiment contemplated the employment of metal "teeth"
[V%xtendlng outword from the metal skin of the fuselage and nacelles,
he use of full depth carbon-loaded honeycomb between the metal
““¢eeth and an appropriate resistive surface loading, all combined
to provide a transition from full space to the metal skin and
~thus reduce broadside reflection from the areas thus treated. As
result of I.F.I. investigation, it was ascertained that a more
ffective AR treatment could be achieved if the metal teeth them-
slves, as well as the spaces between them, were to be covered
\ y & "blanket" of resistance-loaded honeycomb, sandwiched between
thin surface-loaded skins. While initial experiments on the
employment of the blanket treatment were performed with nmaterial
- thicknesses equlvalent to approximately 4 inches at full scale,
[:ghis thickness was quickly reduced to 1 inch (i.e., 1/2 inch of
= dditional honeycomb over that normelly required for support of
the plastic skin covering the chine) as progress was made (by
J triel and error experiments based on intuitive deductions) in
appreciating the necessity for appropriately tapering the loading
of both the volume and surface elements of the treatment, depend-
-\vgng upon both the diameter and shope of the particular portion of
he vehlcle,

Thaot the "blonket" type chine resulted in o better
AR transition to the metal sections thus treated was further demon-
strated through the I,F.I. experliments which led to the elimina-
tion of the metal teeth (always considered a coumplex and costly
fobricatlion problem) and the substitution therefor of simple bulke-
heads to support the chine structure. The efflicacy of this treat-
ment hos now bezn demonstrated at all frequencles of interest.

It is now planned to pursue the path thus opened in the use
of "blanket" treatment type chines by initilally reverting back to
simple shapes starting with the cylindrical. The so-called barrel
gsection of the O configuration (i.e., roughly equivalent to that
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portion of the alrplane fuselage extending from the wing forward
to Just aft of the cockpit) has been the closest espproasch to o
simple shape with which we have had an opportunity to work.
Utilizing this sectlon, improvements in the effectiveness of the
blanket treatment have been achieved., To the present, we have
been able to reduce broadside cross-sections on this shape for
polarization parallel to the axig to the values shown in Table I
(reference $ESB-74B), in which there is also tabulated the calcu-
lated cross-section for a metal cylinder without chines comparable
dimensions (i.e., about 27 feet long) using the equation

{f\ TABIE I

N\

/LFull Scale Frequency Full Scale Cross-Section
' , Achieved Calculated Cylinder
7% mo/s 3.0 us 88 5
9k.5 2.2 my 116 m,
171 + 19 : 1.0 m 203 m

While 1t is thus evident that lmprovements of the order of
0 db have been achleved on a broad-band basis, the "barrel section"
g8 not lent itself to the full exploration considered necessary
before further advences can be expected. For example, the chine
on the barrel section is not symmetrically located on the cylinder
oend, hence, does not lend itself readily to checks of experimentol
date against theory. As & consequence, we plan to begin our studies
the roles of surface and volume loading, as o function of object
hape frequency and angle of wave incldence with symmetrically ‘
ocated chines of various depths on a cylindrical shape. This will
be followed by studles of the various parameters for asymmetrically
located chines and tapered chines; the former providing background
for lmproving the fuselege treatment ond the latter for the nacelle.

Similar studies, i.e., of surface and volume loading, frequency
angle of wave incidence, polarization, ete., for a right circular
cone and a right circular truncated cone to set the basis for under-
stonding ond improving respectively the nose and cockplit area, will
next be undertoken. lere again, the shapes will be fitted with
chines, initially symmetrically disposed and later asymmetrically.
These studies will include full depth chines, os well as chines
increosing linearly, or almost so, with logitudincl distance from
the apex of the cone.
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B, WINGS AND FINS

Concurrently we will re-examine the work of previous inves-
tipations into flat plates, which led to the design of the wings
and fins. We will then initlate a progrom of theory and experi-
ment similar to that described for the chines looking toward
further improvement and/or simplification in the AR performance
in these areas.

C. WING ROOT JUNCTIONS

The understanding of the phenomenon involved in the so-called
Tiller effect is on very shaky ground. The Illller effect concerms
the reduction of return due to & protuberance from a flot metll
plene when the electric vector is in the plone of incidence and
ear pgrazing incldence, It has been discovered that the placing
~of reletively thick electric absorbers or comsiderably thinner

nagnetic absorbers on the plane in front of the protuberance is
more effective thon placing the same absorbers right on the pro-
(Mhuberance.

Our only clue to an understonding of this phenomenon has

ome from some experiments carried out by Meyer (Germany) in which
\\“He found that the electric field strength near such an electric
“absorber, under similar conditions of incldence and polarization,
dropped as the wave propegated along the absorber. The character-
[Mistic height at S-band was of the order of 10 15 cm. Such a re-
{:%uced field strength could account for reduced reflection from any
Jﬁ rotuberance which has a verticel extent of as much as 10 - 15 cn,

We have extended our empirical experimental evidence to in-
clude thin magnetic absorbers and have found o quantitatively
similar effect. However, neither our empirical nor fundamental

mderstoand ing of the existing sltuation for magnetic absorbers

as been developed as far as our inadequate knowledge of the gltu.

ation for electric absorbers. We plan to conduct experiments some-

whot analogous to those employed by leyer to further cur fundamentol
mowledge of these effects. These tests willl include evaluation
“of the relative effectivenesg of electrical vs. magnetic absorbers,
o study of varilations in charoccteristic height with (1) frequency
(2) availeble materials, (3) distance along the absorber, (&)
thickness and any other parameters which may develop. It 1s ex-
pected that an optimum width of ubsorbers will be found in the
sense that we will eventually reach o point of diminishing return
with respect to characteristic height as we increase the width.
An understanding of such o relationship will be lmportant in ob-
tolning moximum effectiveness with minimum weight.
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D. INLETS AND OUTLETS.

The problem of attenuating reflections from a cavity
needs further fundamental understanding. Theoretical and
intultive arguments indicate that, again, electrically
lossy materials are most effective in such applicatlons when
the matericl is placed away from metal walls or other metal
objects in such cavities, while magnetic materials should be
placed in immediate proximity to metal.: Thus, the gaseous
absorption we have introduced into the exhaust is an electri-
cal loss and 1s effective because of 1ts volume distribution.
In the case of inlets, we have considered lossy egg-crates
because of these limitations. ﬂ

The use of electric absorbers on the splke has glven |
us significant improvements with no attendant interference with -
airflow. However, apreliminary experiment with magnetic /\
lining on the inlet walls has demonstrated a very signifi- \
cartly larger reduction in return from thls source. We plan
to pursue this aspect in an attempt to find those features in
such a lining which are most effective in producing the de- \
sired reduction. Such experiments will be carried out on _J

simplified shapes with the shape gradually becoming more .
complex as our basic understanding of the phenomena involved |
increases until we can maximize the performance in the final  {{
geometry. Questions which need to be enswered include the
efficacy of the material as a function of distance as one _
proceeds into the cavity, the relative value of materials ‘
placed on the inlet cylindrical wall as onposed to the back [
wall of the cavity, and the effect of plugs of various slzes

and shapes on the optimum distribution of materlals. We

would expect, for example, that & plug would enhance the value (!
of materials placed near the inlet to the cavity. We would:
also plan to investigate the frequency dependence of the im.
portance of backscatter from cavities, as well as the frequen- k{
cy dependence of the reduction obtainable by magnetic absorbersﬂ
electric absorbers, or combinations of both. i

-

E. COMPLEX MODELS | 2

It is obundantly evident from the data thus far adduced
that optimum AR configurations for portions of the O vehlcle
cannot be determined alone from either full conflguaration
measurements or measurements on simple shapes or even portions
of the actual model., For example, it is evident from much of
the work done prior to 1961 that attempts, using the complete
model, to discern the usefulnews of treatments applied to the
fins or the nacelle were obscurdéd by the return from other
portions of the model which either alone or in combination
had not received optimum treatment. On the other hand, 1t
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has also been found in a few cases that when AR treatuents
have been optimized for particular portions from the model
and applying various AR treatments, upon re-assembly with the
other portions of the model similarly optimized, lmprovement
in the total cross-section pattern were not as great as ©X-
pected. It is suspected that constructive-destructive inter-
ference phenomena can account for these discrepancies. The
development of new measuring techniques will be necessary to
prove this and permit prediction of such effects, (See Instru-
mentation section)

It is planmmed therefor, as noted above, to proceed in

‘our theoretical, experlmental and instrumentation program

from notional shapes through characteristic shapes of the 0
vehicle to a fully assembled complex model,

F: MATERIAILS

Further significant advances in certain areas appear to
be limited at present as much by lack of stability, uniformity
ond reproducibility of materials as by lack of fundomental
understanding. In fact, without adequate control over materials,
it can be stated that advances in understanding beyond the nre-
sent level 1s highly doubtful., We therefore plan an investi-
pation of the properties of AR materials which will also ate-
tempt to provide an understanding of physical and/or chemical
features which contribute to uniformity and stebility.

We hove evidence that mechanical working of cabon loaded
materials, {or example, can make drastic changes in the AR
properties.” The possibility that this irreversible process
is due to reduction of the carbon to a dust which clumps and
posslble means to reduce such effects Af they exist will be
investipgated. _ :

G. INSTRUMENTATION ,

We have been inpressed with the fact thot most of the
ma jor advancements in the program to-date have followed intro-
duction of new and powerful measuring techniques. The intro-
duction of frequency jumping, for example, was followed by the
discovery of the importance of trailing edge reflections at
vertical polarization. The introduction of the railroazd led
to many important discoveries at S-band and full scale., Une
fortunately, ot the lower frequencles where we use on Oth scale.
model, the resolution availlable is not capable of providing
the same powerful techniques. Alternative techniques are ne-
cessary if we are to make further significant advances. One
possible technique which we plan to explore would explolt the
phase informatlon in the return signal in an attempt to measure
the locus or phase center of the reflection. Such information
could be very valunble, for example, in determining whether any

ll.F.I.Technlcal Hemorandum Wo.1, F.R.Ncka, "Measurements of AR
Matericols at X-Band" (in preparation).
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given chine treatment 1s less than optimum due to imperfections
in the treatment near. the chine leading edge or near the chine
base. Such measurements, which in some respects are analogous
to standing wove measurements on a transmission line, should be
canable of development as o variation on the roilroad tech-
nique and will bé pursued now that we have frequency Jjumping
capobilities at L-band and UHF, os well as S-band.

Most of our residual difficultios in reductlion of return
occur near brozdside where some transverse resolution capability
would be of great value. Several cursory attempts have been
mode in which hair pads have been held in front of the model
in suspected areas of strong return. For the most part,
these have proved of no value because of inadequate implemento.-
tion. An organized attack on the development of sueh techniques
could yield a technique directly applicable to this most serious
ospect of the remalning problems.

== T =2 T 2
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